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(54) PHASE DIFFERENCE FILM AND OPTICAL DEVICE USING IT 

(57) A retardation film comprised of a single ori- 
ented polymer film, characterized in that the retardation 

at wavelengths of 450 nm and 550 nm satisfies the fol- F ) Q . 1 4 

lowing fomnulae (1) and/or (2), and the water absorption 
Is no greater than 1%. 



R(450)/R(550) < 1 
K(450)/K(560) < 1 



(1) 
(2) 



where R(450) and R(550) represent the in-plane retar- 
dation of the oriented polymer film at wavelengths 
of 460 nm and 660 nm, reepectfvely, and K(450) 
and K(550) are the values calculated by 
K = [n^ - (n, + ny)/21 x d (where n^. ny and n^ repre- 
sent the three-dimensional refractive indexes of the ori- 
ented polymer film as the retractive indexes in the 
direction of the x-axis, y-axis and z-axls, respectively, 
and d represents the thickness of the film) for the ori- 
ented polymer film at a wavelength of 450 nm and 550 
nm, respectively. 

There are provided laminated retardation films and 
liquid crystal display devices employing the retardation 
film. 
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Description 

Technical FlpW 

5 [0001 ] The present invention relates to a retardation film having a smaller retardation value at a shorter wavelength 
at a measuring wavelength of 400-700 nm, that is used in optical elements of liquid crystal display devices, anti-glare 
films, optical recording devices and the like, and to circular polarizing plates, elliptical polarizing plates, liquid crystal dis- 
play devices and other optical devices. 

10 Background Art 

[0002] Retardation films are used in STN (Super Twisted Nematic) systems of liquid crystal display devices and the 
like, and they are employed to solve such problems as color compensation and to achieve viewing angle widening. The 
materials generally used in retardation films for color compensation are polycarbonates, polyvinyl alcohol, polysulfone, 

IS polyethersulfone, amorphous polyolefins and the like, while the materieis used In retardation fWrrts for viewing angle wid- 
ening are those mentioned above, as well as polymer liquid crystals, discolic liquid crystals, and the like. 
[0003] A quarter-wave plate, which is one type of retardaton film, can convert circularly polarized light to linearly 
polarized fight, or linearly polarized light to circularly polarized right This has been utilized In Rquld crystal display 
devices and, particularly, in reflective liquid crystal d'tsplay devices having a single polarizing plate where the rear elec- 

20 trode, as viewed by an observer, is the reflecting electrode, in a nti- reflection films connprtsing a combination of a polar- 
izing plate and a quarter-wave plate, or In combination with reflective polarizing plates composed of cholesteric llquM 
crystals or the like that reflect only circularly polarized fight only in either the clockwise direction or counter-clockwise 
direction. 

[0004] The retardation films used In the aforementioned single polarizing plate-type reflective liquid crystal display 
25 devices and reflective polarizing plates must have a function of converting linearly polarized fight to circularly polarized 
light and drcularly polarized light to linearly polarized light, In the visible flght region with a measuring wavelength of 
400-700 nm, and preferably 400-780 nm. When this is accomplished with a single retardation film, the retardation film 
ideally has a retardation of A/4 (nm) at a measuring wavelength X of 400-700 nm. and preferably 400-780 nm. 
[0005] Although the aforementioned color connpensating retardation film materials are commonly used as quarter- 
30 wave plates, these materials exhtolt birefrlngent wavelength dispersion. The birefringence of most polymer films 
becomes larger as the measuring wavelength becomes shorter, and becomes smaller at longer wavelengths. Conse- 
quently, with a single polymer film It has been difficult to achieve a smaller birefringence at shorter measuring wave- 
lengths at a measuring wavelength X of 400-700 nm. such as with the aforementioned Ideal quarter-wave plate. 
[0006] In order to achieve a smaller birefringence with shorter measuring wavelengths as with an ideal quarter- 
js wave plate, Japanese Unexamined Patent publication HEI No. 10-68816 has disclosed a technk^ue of using a quarter- 
wave plate and a half-wave plate attached together at an appropriate angle, and Japanese Unexamined Patent PubFi- 
catlon HEI No. 2-285304 has disclosed b technk^ue whereby two retardation films with different At>be numbers are lam- 
inated. 

[0007] Current techniques require the use of two films in order to achieve a film with a smaller retardation with 
40 shorter measuring wavelengths as with Ideal quarter-wave plates, and this has presented problems such as addlttonal 
steps for film attachnnem and increased costs as wall as greater expense for the optical design. In Japanese Unexam- 
ined Patent Publication HEI No. 3-29921 there is disdosed a ratardBtion film obtained by uniaxiatly stretching a film 
composed of a mixture or copolymer of at least two dffterent organte polymera. wherein the first organte polymer of the 
two different organic polymers has a positive photoelastic constant and the second organic polymer has a negative pho- 
45 toelaslic constant, so tfiat the retardation film has a larger birefringence at shorter measuring wavelengths; however, no 
reference is made to a method of reducing the birefringence at shorter measuring wavelengths. The present invention 
solves this problem t>y allowing realization of a retardation film with a smaller retardation, at shorter measuring wave- 
lengths, using a single film. 

50 Summary of the Invention 

[0008] The present inventors have diligently researched potynr>er materials for retardation films with the aim of sow- 
ing the aforementioned problem, and have succeeded In provkJIng a retardation film comprised of a single oriented pol- 
ymer film, characterized in that the reiardatbn at wavelengths of 450 nm and 550 nm satisfies the following formulae 
S5 (1) and/or (2): 

R(450yR(550) < 1 (1) 
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K(450yKC650) < 1 (2) 

where R(450) and R(550) represent the In-ptane retardation of the oriented polymer film at wavelengths of 450 nm and 
550 nm, respectively, and K(4S0) and K(S50) are the values calculated by K = [n ^ - (n ^ + n ^)/2] x d (where n^, ny and 
5 n^ represent the three-dimensional refractive Indexes of the oriented polymer film as the refractive Indexes In the direc- 
tion of the x-axi8, y-axie and z-axis, respectivety, and d represents the thickness of the film) for the oriented polymer film 
at a wavelength of 450 nm and 550 nm, respectively, and the water absorption is no greater than 1%. 

[1] A retardation film comprising a single oriented polymer film, the retardation film being characterized in that the 
10 retardation at wavelengths of 450 rvn and 660 nm satisfies the following fomiulae (1) ancVor (2), and the water 
absorption is no greater than 1%. 

R(460yR(550) < 1 (1) 

15 K(450yK(550) < 1 (2) 

[where R(460) and R{5S0) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 nm 
and 550 nm, respectively, and K(450) and K{550) are the values calculated by K = [n ^ - (n^ + n^yZ] x d (where 
nx, Hy and n;^ represent the throe-dimensional refractive indexes of the oriented polymer film as the refractiva 
20 Indexes In the direction of the x-axIs, y-axis and z-axIs, respectively, and d represents the thickness of the film) for 

the oriented polymer film at a wavelength of 460 nm and 550 nm, respectively.] 

[2] A retardation film according to [1 J, wherein the retardation at wavelengths of 450 nm, 550 nm and 650 nm sat- 
isfies the following formulae (3) and (4): 

2s ae < R(45oyR(550) < 0.97 (3) 

1.01 < Rt650yR(550) < 1.4 (4) 

where R(650) represents the in-plane retardatron of the oriented polymer film at a wavelength of 650 nm. 
30 [31 A retardation film according lo [1 J or [2], wherein the retardation Is smaller with a shorter wavelength In the wave- 
length range of 400-700 nm. 

[4J A retardation film according to [1 ] to [3], whk^h comprises an oriented polymer film wherein 

(1) the film is composed of a polymer comprising a monomer unit of a polymer with positive refractive index 
3S anisotropy (hereunder referred to as 'first monomer unir) and a monomer unit of a polymer with negative 

refractive index anisotropy (hereunder refen-ed to as "second monomer unit"), 

(2) R(450yR(550) for the polymer based on the first monomer unit Is smaller than R(450)/R(550) for the poly- 
mer based on the second monomer unit, and 

(3) the film has positive refractive index anisotropy. 



40 



[51 A retardation film according to [1 ) to {31, whbh comprises an oriented polymer film wherein 



(1) the film Is composed ot a polynner comprising a monomer unit that fomns a polymer with positive refractive 
index anisotropy (hereunder referred to as "first monomer unit") and a monomer unit that forms a polymer with 

4S negative refractive index anisotropy (hereunder referred to as "second monomer unit"), 

(2) R(450)/R(550) for the polymer based on the first monomer unit is larger than R(450)/R(550) for the polymer 
based on the second monomer unit, and 

(3) the film has negative refractive Index anisotropy. 

so [6] A retardation film according to [1 ] to [5], wherein the oriented polymer film is a thermoplastic resin with a glass 
transition temperature of 120*C or higher. 

[71 A retardation film according to [1] to [6], wherein the oriented polymer film contains a polycarbonate with a flu- 
orene skeleton. 

[8] A reiardatton film according to [1 ] to [7]. whteh is an oriented polymer film comprising copolymer and/or blend of 
55 polycarbonales in which 30-90 mole percent of the total consists of a repeating unit represented by the following 
general formula (I): 
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Ri Ri R» Ri 



5 




10 

Where Ri-Be are each Independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 
1*6 carbon atonrts, and X Is 



15 



20 




and 70-10 mole percent of the total consists of a repeating unit represented by the following general formula (11): 

25 



30 




(II) 



35 

where Rg-R^g are each independently aelected from among hydrogen, halogen atoms and hydrocarbon groups of 
1 -22 carbon atoms, and Y Is 



40 



4S 



50 



55 
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where In Y, Rit-Ris, R21 and independently selected from among hydrogen, halogen atoma and 

hydrocarbon groups of 1-22 carbon atonr»s, R20 and Rga are selected from among hydrocarbon groups of 1-20 car- 
bon atoms, and Ar is selected from among aryl groups of 6-10 carbon atoms. 

[9J A retardation film according to [SJ, whteh Is an oriented polymer film comprising copolymer and^or blend of poly- 
carbonates In which 35-85 mole percent of the total consists of a repeating unit represented by the following gen- 
eral formula (III): 



55 
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10 



15 




(III) 



20 



Where H24 and 825 ere each Independently selected from among hydrogen and methyl, 

and 65-15 mole percent of the total coneiste of a repeating unit represented by the following generel formula (IV): 



25 





(IV) 



where Rjfi and R27 are each independently selected Iram among hydrogen and methyl, 
and Z is selected tram among 



35 



40 
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— C — 

I 

cHs 
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45 



50 



55 




[10] A netardalion film according to [5], which is a blended oriented polymer film in which the polymer with positive 
refractive Index onlsotropy la poly(2,6-dlmethyl-1 ,4-phenyleneoxIde) and the polymer with negaOve retractive Index 
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Bnisotropy is polystyrene, wherein the polystyrene content is from 67 wt% to 75 wt%. 

[1 1] A retardation film according to [1 ] to [1 0], wherein the b* value representing the object color is 1 .3 or smaller. 
[12] A retardation film according to [1] to [11), which Is a XJA plate. 
[13| A retardation film according to [1 ] to [11 ], which is a Xy2 plate. 
5 [14] A retardation film according to [12] or [131, wherein R(550) s 90 nm. 

[151 A laminated retardation film prepared by laminating a TJA plate and a /J2 plate, wherein both the VA plate and 
X/2 plate are a retardation film acxsording to [1] to [14]. 

[16] A laminated retardation film according to [15], wherein the angle fornrwd between the optical axes of the X/4 
plate and 7J2 plate is in the range of 50''-70°. 
10 [17] A circular polarizing plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retarda- 
tion film aocordlr>g to [1] to [1 6]. 

[18] A circular polarizing plate or elliptical polarizing plate prepared by laminating a reflective polarizing plate with 
a retardation film according to [1] to [1 6]. 

[19] A circular polarizing plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retarda- 
f5 tton film according to [1] to [1 6] and a reflective polarizing plate. 

[20] A circular polarizing plate or elliptical polarizing plate according to [1 6] or [1 9], wherein the reflective polarizing 
plate has a function of reflecting only circularly polarized light rotated in one direction. 

[21] A circular polarizing plate orelllptlcaJ polarizing plate according to [20], wheneln the reflective polarizing plate 
(5 composed of a chdestertc liquid crystal polymer. 
so [22\ A liquid crystal display device provided with a retardation film according to [1] to [21]. 

[23] A liquid crystal display device according to [22], which Is a reflective liquid crystal display device. 
[24] A liquid crystal display device according to \22] or [23], wherein the retardation film is a viewing angle compen- 
sating plate. 

[25] A retardation film which is a retardation film comprised of a single polycart>onate oriented film, wherein the 
gs retardation at wavelengths of 450 nm and 550 nm satisfies the following formula (1 }: 

R<450VR(550) < 1 (1) 

where R(450) end R(550) represent the in-plane retardatbn of the oriented polymer film at wavelengths of 450 nm 

30 and 550 nm, respectively, 

and R(550) is at least 50 nm. 

[26J A reflective liquid crystal display device provided with a polarizing plate, a 7JA^ piate and a liquid crystal cell con- 
taining a liquid crystal layer between two substrates with transparent electrodes In that order, the reflective liquid 
crystal display device employing as the 31/4 plate a retardation film comprising a single oriented polycartxinate film. 
35 wherein the retardation at wavelengths of 460 nm and 550 nm satisfies the following formula (1 ): 

R(450)/R(550) < 1 (1) 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 nm 
40 and 550 nm, respectively, 

and R(550) is 100-1 BO nm. 

Brief pgggrtpqgn of the Pravylpgg 

45 [0009] 

Figs. 1 to 4 are graphs showing the relationship between the wavelength dispersion of birefringence of a two-com- 
ponent blended polymer and the type and blend ratio of the potynrter. 

Fig. 5 is a graph showing simulation results for coloration of a laminated retardation film that does not satisfy the 
50 conditions of the present invention. 

Fig. 6 is a graph showing the colorations for the laminated retardation films of Examples 16 and 1 7 and Compara- 
tive Examples 1 E and 1 7. 

Figs. 7 to 1 0 show examples of laminated retardation films, where Rg. 7 Is a combination of a V4 plate 3 and a X/2 
plate 1. Fig. 8 is a combination of a XJ4 plate, a X/2 plate and a polarizing plate 4, Rg. 9 is a combination of a >JA 
55 plate and a polarizing plate, and Fig. 1 0 is a combination of a polarizing plate 4, a XJA plate 3 and a cholesteric liquid 
crystal layer 5. Fig. 1 0 con-esponds to Example 1 7. 

Figs. 11 to 13 show examples of liquid crystal display devices, where Rg. 1 1 has the construction: polarizing plats 
4//V4 plate 3//gla8s plate 6//ilqjld crystal layer 8//glass plate 6//7JA plate 2^/polarlzlng plate 4//baci<l1ght system 10; 
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Fig. 12 has the construction: polerizing piste 4/Ay4 plate 3//glass plate 6/Arensparen1 electrode 7/yiiquid crystal 
layer 8//concavoconv6x reflective electrode d//gtas8 plate 6; and Fig. 13 has the construction: polarizing plate 4/A/4 
plate 3//nght diffusing plate 1 1 //glass substrate a/Ztransparent electrode 7//liquld crystal layer BZ/specular reflective 
electrode 12//gla88 electrode 6. Fig, 12 corresponds to Example 13. 
5 Fig. 1 4 Is a graph showing the relationship between wavelengtti and the retardation of the retardation film of Exann- 

ple 1. 

Figs. 15 and 16 are graphs showing the relationship between birefringent wavelength dispersion coefficient of the 
retardation ftinn of Exannple 1 2 and the volume fraction of the polymer components. 

10 Detailed Description of the Invention 

[G010] The present invention, as a result of efforts to obtain an ideal X/4 plate and X/2 plate for a single oriented 
polymer film that Is Independent of wavelength In the visit)le light wavelength region, successfully provides a single ori- 
ented polymer film with a retardation that is smaller at shorter wavelengths, thereby achieving the object described 

15 above while also providing a netardetlon film with properties not exhibited by the prior art. 

[0011] The aspect of a retardation that is smaller with shorter wavelengths may be represented from a practical 
standpoint by the formula R(450yR(&50) < 1 or K(450)/K(660) < 1 . For an extended wavelength range, 
R(650)/R(S50) > 1 or K(650)/K(550) > 1 is preferred. More prefen^d ranges for the retardation dispersion and K value 
dispersion will be explained below. 

20 [0012] According to the Invention, the retardation and K value of an oriented polymer film at wavelengths of 450, 
550 and 650 nm will be represented as R(450). R(550). R(650) and K{450), K(550). K(650). respectively. 
[0013] The retardation of an oriented polymer film is the difference in phase when light passes through a film of 
thickness d. based on the difference in the speeds of advance of light (refractive index) in the direction of orientation of 
the film and the direction normal thereto; it is Icnown to be represented by An • d as the product of the difference in 

25 refractive indexes in the orientation direction and the direction normal thereto An and the film thickness d. 

[0014] The orientation of an oriented polymer film according to the Invention Indteates a state In whbh the polymer 
molecule chains are aligned in primarily a given direction, and this state can be measured by measuring the retardation 
of the film (An • d); however, the orientation referred to here is one in which the retardation R(S50) is at least 20 nm 
and/or K(550) is at least 20 nm, at a measuring wavelength of 550 nm. The orientation is normally produced by stretch- 

30 Ing the film. 

[0015] Since the retardation An • d is proportional to the birefringence An for the same oriented polymer film, the 
wavelength dtsperston (wavelength dependency) of the retardetion can tw represented \yy the wavelength dispersion 
(wavelength dependency) of the birefringence An. 

[0016] When the refractive index in the orientation direction in the plane of the oriented polymer film is larger than 
35 the refractive Index In the direction normal thereto, the optical anisotropy Is said to be positive, whereas In the opposite 
case the optical anisotropy is saidto be negative. IHere, the orientation direction of the oriented polymer film is the direc- 
tion of drawing, when the film has been uniaxial^ drawn, for example, under conditions near the glass transition tem- 
perature Tg (Tg ±20^C). whlcr^ are publicly known retardation film manufacturing conditions. In the case of biaxial 
drawing, it ie the direction of drawing in which the orientation is higher. 
40 [0017] /Wording to the Invention, reference to the retardation will mean the absolute value of the retardation. In the 
case of negative optical anisotropy the retardation is negative, but for the purposes of the invention the positive or neg- 
ative sign will be Ignored unless othenwise specffied. 

[0018] Also, the measuring optical wavelength used to Judge the positive or negative optical aniaotropy will be 550 
nm. 

45 [0019] According to the Invention, rt has been discovered that a retardation film comprised of a single oriented pol- 
yn^r film having a smaller retardation at shorter wavelengths can be obtained t}y an oriented polymer film satisfying the 
following conditk>ns (A) or (B). 

(A) An oriented polymer film wherein 

50 

(1) the film is composed of a polymer comprising a monomer unit of a polymer with positive retractive Index 
anisotropy (hereunder referred to as "first monomer unrt") and a monomer unit of a polymer with negative 
refractive Index anisotropy (hereunder referred to as 'second monomer unit"), 

(2) R(450VR(550) for the polymer based on the first monomer unit Is smaller than R(460)/R{550) for the po»y- 
55 mer based on the second monomer unit, and 

(3) the film has positive refractive index anisotropy. 

(B) An oriented polymer film wherein 
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(1) the film is composed of b polymer comprising a monomer unit that forms a polymer with positive refrective 
index anisotropy (hereunder referred to as "first monomer unit'] and a monomer unit that forme a polymer with 
negative refractive index anieotropy (hereunder referred to ae "second monomer unit'), 

(2) R(450}/R(550) for the polymer based on the first monomer unit is larger than R(450)/R(550) for the polymer 
5 based on the second monomer unit, and 

(3) the film has negative refractive index anisotropy. 

[OO20] Rims satisfying the following conditions (C) and (D) are examples of modes that satisfy the aforementioned 
conditions (A) and (B). 

10 

(C) An oriented polymer film wherein 

(1) the film is composed of a blend polymer comprising a polymer with positive refractive Index anisotropy and 
a polymer with negative refractive index anisotropy and^or a copolymer comprising a monomer unit of a poly- 

15 mer with positive refractive index anisotropy and a monomer unit of a polymer with negative refractive Index 

anisotropy, 

(2) R(450)/R(660) for the polymer with the positive refractive index anisotropy is smaller than R(4Sa)/R(550) for 
the polymer with the negative refractive index anisotropy, and 

(3) the film has positive refractive index anisotropy. 

20 

(D) An oriented polymer film wherein 

(1) the film is composed of a blend polymer comprising a polymer with positive refractive Index anisotropy and 
a polymer with negative refractive index anisotropy and/or a copolymer comprising a monomer unit of a poly- 

25 mer with positive refractive index anisotropy and a monomer unit of a polymer with negative refractive Index 

anisotropy, 

(2) R(450}/R(550) for the polymer with the positive refractive index anisotropy Is larger than R(450}/R(550) for 
the polymer with the negative refractive Index anisotropy, and 

(3) the film has negative refractive index anisotropy. 

30 

[0021] Here, a polymer with positive or negative refractive index anisotropy is a polymer that gives en oriented pol- 
ymer film with px36itive or negative refractive index anisotropy. 

[0022] The following explanation concerns the reasons for which the at>ove retardation film Is a necessary condition 
to have a smaller retardation with shorter measuring wavelengths. 
36 [0023] It is generally known that the birefringence An of a polymer blend comprising two components, polymer A 
and polymer B may be represented in the following manner (H. Satto andT Inoue, J. Pol. Sci. Part B, 25, 1629 (1987)) 

An = An® ^f -t- An** of + Anp (a) 

40 [0024] Here, An^;^ ts the intrinsic birefringence of polymer A, An^g is the intrinsic birefringence of polymer B, 1;^ Is 
the orientation function of polymer A, fg is the orientation function of polymer B, >s volume fraction of polymer A, 
is the volume fraction of potvmer B (= 1 - ^f^^ ^ the stmcturai birefringence. The birefringence An is gener- 
ally represented by An =fAn . Also, An" may be detemilned by combining dichromatic Infrared spectroscopy WHh 
retardation measurement and the others. 

4S [0025] Fomiula (a) completely ignores changes in the polarizability due to electron interaction between polymers A 
and B. end this assumption Is also used hereunder. Also, since optical transparancy is a requirement for uses of retar- 
dation films such as for the present Invention, the blend is preferably a compatible blend, in which case Anp is suffi- 
ciently small that It may be Ignored. 

[0026] As concerns a retardation film with a smaller birefringence at shorter measuring wavelengths, the only 
so measuring wavelengths considered here are 450 and 550 nm. Designating the birefringence of the retardation film at 
these wavelengths as An(450) and An(560). respectively, this is represented as An(460yAn(550) < 1 . For a retardation 
film comprising a conventional polymer film, this is of course An(4SOyAn(550) > 1 , and for example, An(450)/An(5S0) 
Is about 1 .08 for a polycarbonate obtained by polymerization of bisphenol A and phosgene; It is about 1 .01 even tor pol- 
yvinyl alcohol which is said to have a low weveiengih dispersion of birefringence. 
55 [0027] If An(45O)/An(650) is defined as the birefringence wavelength dispersion coefficient, it may be represented 
as follows from fbrmuia (a). 

An{450) / An(S50) = (An ° ^(450) \^4^t-An° u(460) f a4 u y (An ° ^^(550) 1 a ° ^(550) f « ) (b) 
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[0028] Here, f ^ = f b ^ assumed because of a compatible blend, and therefore formula (b) below may be derived. 

An(450) / An(550) = (An° ^(450) + An° b(*SO) y (An** ^(550) t a + b(550) ) (c) 

5 [0029] The theoredcai values listed In Table 1 were then used In fomiuia (c) to determine the birefringence wave- 
length dispersion values. In Table 1 , the birefringence dispersion values for polymers A and B alone were listed in place 
of An°A(460) and An°B(460). 



Table 1 



Case 


AnOA(550) 


An°B (550) 


An°A{460yAn®A(550) 


An°B(450)/ An°8(550) 


1 


0.2 


•0.1 


1.01 


1.15 


2 


0.2 


-0.1 


1.16 


1.01 


3 


0.1 


-0.2 


1.01 


1.15 


4 


0.1 


-0.2 


1.16 


1.01 



20 [0030] When the values In Table 1 are inserted into formula (c), the graphs of Rgs. 1 -4 are ot>ta>ned on the function 
Of i(>A. Since polymer A Is the polymer with positive refractive Index anlsotropy and polymer B Is the negative one In 
Table 1 , the optical anlsotropy of the blend polymer is negative in the region with lower ^A than the Bsymptotote in Figs. 
1-4, while the anlsotropy is posWve in the region with higher than the asymptotic curve. 

[0031] As clearly seen in Figs. 1-4, in order to satisfy An(450yAn(550) < 1 , it is necessary for the birefringence 
25 wavelength dispersion coefficient of the positive polymer to be smaller than that of the negative one and the optical anl- 
sotropy of the oriented polymer film to be positive, as In cases 1 and 3 of Tabte 1 , or for the birefringence wavelength 
dispersion coefficient of the polymer alone to be larger than that of the negative one and the optical anlsotropy of the 
oriented poly nrter film to t>e negative, as In cases 2 and 4. Here, 450 and 650 nm were used as the representative wave- 
lengths, but the same applies even when other wavelengths are used. 
30 [0032] In consideration of formula (c), when the positive and negative polymer birefringence wavelength dispersion 
coefficients are exactly equal, a retardation film according to the invention cannot be obtained. 

[0033] This consideration is based on tomnula (a). tMJt since this idea is very well supported In actual systems such 

as In the examples described hereunder, the examples also substantiate the correctness of this Idea. 

[0034] While this consideration was explained for two components, the sanrie idea applies even for three or more 

35 components. For example, In a system with two components having positive optical anlsotropy and one component 
having negative anlsotropy, the birefringence value and birefringence dispersion value of the component with positive 
optical anlsotropy is compensated for by the volume fraction and the others between the two oomponsnts with positive 
antsotropy, and the two components may be considered as one component when applying the Idea described in the 
portion of the above formula (a) onward. 

40 [0035] The explanation based on formula (a) concerned a biend of polymers A and 5. but the same idea may t>e 
applied even to copolymers containing monomer units of different polymers, and the above-mentioned idea may be 
applied by considering it to comprise a homopolymer based on a first monomer unit (polymer A) and a homopolymer 
based on a second monomer unit different from the firal monomer unit {polymer B). 

[0036] The seme idea may also be appHed even to polymer blends of homopolymers and copolymers or polymer 
45 blends of two copolymers. That is, in such cases the idea may be applied l^y dividing the component polymers of the 
polymer blend into their constituent monomer units, considering the polymer blend as an aggregate of homopolymers 
made of respective monomer units, and considering this aggregate as a combination of polymer A comprising a group 
of homopolymers with poettlve opdcat anlsotropy and polymer B comprising a group of homopolymers wtth negative 
antsotropy. 

50 [0037] For example, for a blend of polynners X and Y having positive optical anlsotropy and a copolymer of mono- 
mer units X, z having negative optical anlsotropy, if x has positive optical anlsotropy and z has negative optical anlsot- 
ropy, the fad thet the components having positive optical anisotropy are X, Y and x may be considered and their 
birefringence values and birefringence dispersion values compensated for by the volume fnactions and the others 
between the three positive anlsotropy components, where the three components are considered as one component A, 

55 while the component with negative anisotropy is considened as polymer B comprising monomer unit 2, and the idea 
describe in the portion of the formula (a) onward ma^ be applied tor component A and component B. 
[0036] For a fiomopolynner based on the first or second monomer unit, when the homopolymer is a polycart>onate, 
since polycarbonates are usually obtained by polycondensatlon of a dlhydroxy compound and phosgene, from the 
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standpoint of polymerization the monomers ere the bisphenol dihydroxy compound end phosgene. In the case of such 
a polycarbonate, the monomer unit is said to be the portion derived from the bisphenol, and does not include the portion 
derived from the phosgene. 

[0039] The birefringence An is preferabty larger wKh longer wavelengths in the measuring wavelength region, and 
s more specifically, it preferably satisfies the following formulae (d) and (e). 

0.60 < R(460)/R(550) < 0,97 (d) 

and 

10 

1 .01 < R(650yR(550) < 1 .35 (e) 

Outside of these ranges, if the film is used as a X/4 plate, for exannple, a problem occurs in that linearly polarized light 
at 400-700 nm incident to the film takes a polarized state that is completely circularly polarized at certain wavelengths, 
1S while notably shifting from circular polarization at other wavelengths. More preferred, therefore, are the ranges: 

0.60 < R(450)/R(560) < 0.95 (cf) 

and 

20 

1 .05 < R(660)/R(550) < 1 .35 (e*) 

[0040] The above Is a development of the theory based on the retardation And or birefringence An, but the same 
theory can be developed based on the K value of the three-dimensional refractive indexes (K = [n ^ - (n ^ + riy)/2} x d) . 
25 When this K value Is such that K(450yK(550) < 1 , the wavelength dispersion is smaller with shorter wavelengths, sim- 
ilar to the retardation (birelrlngence) for tight from an Inclined direction that Is not nornial to the surface of the oriented 
polymer film. 

[0041] The prefen^d ranges for the K value are those obtained by substituting K for R In the above formulae (d) and 

(e). 

X [0042] The retardation flim of the Invention may consist of a blend potymer or a copolymer, sjch as explained 
above. 

[0043] The polymer material composing the retardation film of the invention is not particularly limited and may be 
any blend or copolymer that satlefies the aforementioned conditions, although preferred are materials with excellent 
heat resistance, satisfactory optical performance and suitability to solution film formation, with thermoplastic polymers 

35 being especially preferred. For example, one or more types may be appropriately selected from among polyacrylates, 
polyesters, polycarbonates, polyolefins, polyethers, polysulfin-based copolymers, polysulfone. polyethersulfone and the 
like. However, since problems may arise in the practk»l}ty of the retardatbn film if the water abeorptton of the oriented 
polymer film 18 greater than 1 vrt%, It te Inportant to select a film material satlsfylngthecondltlonof a film water absorp- 
tion of no greater than 1 wt%, and preferably no greater than 0.5 wt%. 

40 [0044] A Wend polymer must be optically transparent, and therefore it is preferably a compatible blend or one that 
has roughly equal refractive indexes for each polymer. As suitable examples of specific combinations of blend polymers 
there nriay be menttoned combinattons of poly(methyl methacrylate) with polymers having posithre optical anisotropy 
such as poly(vlnylldene fluoride), poly{e1hylene oxide) and poly(vInylldene fluorlde-co-tntluoroethylene), combinations 
of polymers having positive optical anisotropy such as poly(phenylene oxide) with polymers having negative optical anl- 

4S sotropy such as polystyrene, poly(styrene-co-lauroyl malelmlde), poly(styrene-co-cyclohexyl maieimide) and po!y(sty- 
rene-co-phenyl maieimide), a combination of poly{styTene-co-maleic anhydride) having negative optical anisotropy with 
potycartoonate having positive optical anisotropy, and a combination of poly{acrylonitrile-co-butadlene) having positive 
optical anisotropy with poly(acrylonltme-co-etyrene) having negative optical anisotropy; however, there Is no limitation 
to these. From the standpoint of transparency, a combination of polystyrene with poly(phenylene oxide) such as 

so poly(2,B-dimethyl-i,4-phenylene oxide) is partteuterly preferred. For such combinations, the proportion of the polysty- 
rene preferably constitutes from 67 wt% to 75 wt% of the whole. 

[0045] Examples of copolymers that may be used Include poly(butBdlene"Co-polystyrBne), poty(ethylene-co- poly- 
styrene), poiy(acrylonltrlle-co-butadiene), poty(acrylonltrlle-co-butadlene-co-8tyrene). polycarbonate copolymers, poly- 
ester copolymers, polyester carbonate copolymers and polyallylate copolymers. Polycarbonate copolymers, polyester 
55 copolymers, polyester cartsonate copolymers, polyallylate copolymers and the like that have lluorene skeletor^ are par- 
ticularly prefen-ed because the fluorene skeleton segments can provide negative optical anisotropy 
[0046] Particularly prefemed for use are polycarbonate copolymers produced by reaction of a bisphenol with phos- 
gene or a compound that forms a carbonic ackl ester such as diphenyl carbonate, because of their excellent transpar- 
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ency, heat resistance and productivity. Preferred polycarbonate copolymers are copolymers conlaining strjctures with 
fluorene skeletons. The component with the fiuorene structure is preferably Included at 1-99 mole percent. 
[0047] Suitable materials for the oriented polymer film of the retardation film of the Inverrtlon are materials that give 
an oriented polymer film of a polycarbonate composed of a repealing unit represented by the following general formula 

5 (I): 



10 




15 



where Ri-Rb are each Independently selected from among hydn»gen, halogen atoms and hydrocart^on groups of 1-6 
carbon atoms, and X is 

so 



25 




30 and a repeating unit represented by the loilowing general formula (I I): 



35 




(II) 



where R9-R16 are each independently selected from among hydrogen, halogen atoms and hydrocart>on groups of 1-22 
carbon atoms, and Y is saiaded from among 

4S 



SO 



55 
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25 




30 

and -Rja-, 

where in Y, R21 and are each independently selected from among hydrogen. haJogen atoms and hydro- 

cartx)n groups of 1-22 cartwn atoms, R^o and Rp3 are each independently selected from among hydrDcait)on groups 
of 1-20 carbon atoms, and Ar Is selected from among aryl groups of 6-10 carbon atoms, 
K such that the repeating unit represented by formula (I) constitutes 30-90 mole percent of the total polycarbonate and 

the repeating unit represented by formula (II) cor^itutes 70-1 0 mole percent of the whole. 

[0048] This material is a polycarbonate copolymer comprising a repeating unit with a fluorene skeleton represented 
by formula (I) above and a repeating unit represented by fonnula (tl) above, or a composition containing a polycar- 
bonate comprising a repeating unit with a fluorene sl^eleton represented by fornrxila (I) above and a polycarbonate com- 

40 prising a repeating unit represented by fonnula (II) above (hereunder also referred to as "blend polymer). In the case 
of a copolymer, two or more of each of the repeating units rapresentad by formulas (1) and (II) may be combined, and 
In the case of a composition as well, two or more of the aforementioned repeating units may be used In combination, 
(00491 In formula (I). Ri-Rs are each Independently selected from among hydrogen, halogen atoms and hydrocar- 
bon groups of 1-6 carbon atoms. As hydrocarbon groups of 1-6 carbon atoms there may be mentioned alkyi groups 

45 such as methyl, ethyl, isopropyl and cyclohexyl, and aryl groups such as phenyl. Of these, hydrogen and methyl are pre- 
ferred. 

[0050] In formula (II), Rg-Rie^re each independently selected from among hydrogen, halogen atorr^ and hydro- 
carbon groups of 1-22 carbon atoms. As hydrocarbon groups of 1-22 carbon atoms there may be mentioned alkyI 
groups of 1 -9 carbon atoms such as methyl, ethyl, isopropyl and cyclohexyl, and aryl groups such as phenyl, biphenyl 

50 and terphenyl. Of these, hydrogen and methyl are preferred. 

[0061] In Y of fonnula (II), R17-R19. R^i and R22 are each Independently selected from among hydrogen, halogen 
atoms and hydrocarbon groups of 1 -22 carbon atoms, which hydrocarbon groups may be the same as those mentioned 
above. R2o and R23 are selected from among hydrocarbon groups of 1-20 carbon atoms, which hydrocarbon groups 
may also be the same as those mentioned above. Ar is selected from among aryl groups of 6-10 carbon atoms such as 

55 phenyl and naphthyl. 

[0062] The content of formula (I), I.e. itie copolymer composition In the case of a copolymer or the blend composi- 
tion ratio in the case of a composition, is 30-90 mole percent of the total potycarbonete. Outside of this range, the abso- 
lute value of the retardation will not be smaller vrtth shorter wavelengths at measuring wavelengths of 400-700 nm. The 
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content of foimule (I) Is preferably 35-85 mote percent, and more preferably 40-BO mole percent, of the total polycar- 
bonate. 

[0053] Here, the above molar ratio can be determined by, for example, nuclear magnetic resonance (NMR) wfth the 
total bulk of the polycarbonate composing the oriented polymer film, regardless of the copolymer or blend polymer. 
[COM] The polycarbonate In the material is preferably a polycarbonate copolymer and/or polycarbonate composi- 
tion (blend polymer) comprising a repeating unit represented by the following general formula (III): 



10 



IS 



so 




(III) 



25 where Rg4 and Rgs are each Independently selected tram among hydrogen and methyl, 
and a repeating unit represented by the following general formula (IV): 



30 



35 



40 



45 



50 



55 




<IV) 



where and R^ are each independently selected from among hydrogen and methyl, and Z is selected from among 
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CHa 

I 



20 




25 

[0056] For copolymers comprising the repeating units represented by the following formulae (V) to (IX). those with 
repeating unit (IX) in a proportion of 40-75 mole percent are preferred; Tor copolymers comprising repeating units rep- 
resented by the following fonnulae (VI) and (IX). those with (IX) in a proportion of 30-70 mole percent are preferred; for 
copolymers comprising repeating units represented by the following fomiulae (VII) and (IX), those with (IX) in a propor- 
30 tton ot 30-70 mole percent are prefenred; and for copolymers comprising repeating units represented by the following 
formulae (V) and (VIII). those with (VIII) In a proportion of 40-75 mole percent are preferred. 
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(VII) 



(VIII) 



<IX) 



45 

[0056] The most prafarrad matarialfi are copolymers or polymer blends containing bisphenol A (BPA, correspond- 
ing to fbrmulB (V)) and biscresoifluorein {BCF, corresponding to fomiuia (IX)), or their mixtures, end the ratio of their 
components is such for a BCF content oT 55-75 mole percent, and preTenably 55-70 mole percent. Such materials can 
give XJ4 plates or %J2 plates closest to the ideal. 
so [0057] The afore rT>enti on ed copolymers and/or blend polymers can be produced by publicty known processes. For 
polycarbonates, polycondensation processes and molten poiycondensatlon processes with dihydroxy compounds and 
phosgene may be suitably used. For blends, compattole Isiends are preferred but even if they are not totally competible 
the refractive Indexes of the components can be matched to reduce light scattering between the components and 
improve the transparency. 

55 [0058] The limiting viscosity of the material polymer of the oriented polymer film composing the retardation film of 
the Invention is preferably 0.3-2.0 dVg. A value below this range is a problem because the material becomes brittle and 
cannot maintain its mechanical strength, and a value above this range is also a problem because the solution viscosity 
Increases excessively leading to die lines during rormatlon of the solution film, or because purification after completion 
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of polymehzBtion becomes more difficutt. 

[0059] The retardation liim of the invention is preferably transparent, preferably with a haze value of no greater than 
3% and a total light transmlttance of 85% or greater. The glass transition temperature of the polymer film materlaJ Is 
preferably 100**C or higher, end more preferably 120*^0 or higher. 
5 [0060] There may also be added an ultraviolet absorber such as phenylsallcyllc add, 2-hydroxybenzophenone or 
triphenyl phosphate, a blueing agent for adjustment of the color, an antioxidant, etc. 

[0061] The retardation film of the invention employs a film of the aforementioned polycarbonate or the like that is 
oriented by drawing or other means. The production process for the film may be a publicly icnown melt extrusion proc- 
ess, solution casting process or the like, but solution casting is preferably used from the standpoint of film thickness 
10 ireguiaritles and outer appearance. Suitable solvents to be used for solution casting are methylene chloride, dloxolan 
and the like. 

[0062] Any publicly known drawing process may be used for drawing, but longitudinal uniaxial drawing is preferred. 
For Improved siretchability, the film may also contain publk:ly known plastlclzers including phthalk: ackj esters such as 
dimethyl phthalate, diethyl phthalate and dibutyl phthalate. malic acid esters such as trlbutyl phosphate, aliphatic diba- 
15 sic esters, glycerin derh/atives, glycol derivatives and the like. During the drawing, the organic solvent used for formation 
of the film may remain in the film for drawing. The amount of the organk; solvent is preferably 1 -20 wt% with respect to 
the solid weight of the polymer. 

[0063] Additives such as the aforementioned plasticizens or liquid crystals or the like can modify the retardation 
wavelength dispersion of the retardation film of the lnventk>n, but they are preferably added in an amount of no greater 
20 than 1 0 wt% and preferably no greater than 3 wt% with reaped to the solid weight of the polymer. 

[0064] The film thickness of the retardation Aim is not parttoularly restricted, but It is preferably from 1 ^m to 400 
pm. The term "retardation film* is used for the invention, but this wiH also be referred to as, and includes the meanings 
of, film" or "sheet" as well. 

[0065] A specifk: chemical structure is an essential condition for a retardation film of the inventk>n having a retarda- 
25 tion that is smaller at shorter wavelengths, and much of the retardation wavelength dispersion Is determined by the 
chemteel structure; however, it should be noted that this will also vary depending on the stretching conditions, the blend 
state, etc. 

[0066] The retardation film of the invention, particularly a single oriented polymer film, may be used to construct a 
satisfactory quarter-wave plate (V4 plate) or half-wave plate i)J2 plate) with low wavelength dependency, and for such 
30 uses N preferably satisfies R(550) ^ 50 nm and more preferably H(550) i 90 nm; speclftally, tor use as a 7J4 plate the 
condition 100 nm £ R(S50) ^ 180 nm Is preferred, and for use as a V2 plate the condltk>n 220 £ R(550) < 330 nm is 
preferred. 

[0067] Thus, the present invention provides, as one suitable retardation film, a retardation film consisting of a single 
oriented polycarbonate film, wherein the retardation at wavelengths of 460 nm and 550 nm satisfy the following formula: 

36 

R(450VR(550) < 1 (1) 

where R(450) and R(550) represent the In-plane retardation of the oriented polymer film at wavelengths of 450 nm and 
550 nm, respectively, and R(550) is at least 50 nm. 

40 [0068] A cellulose acetate film has been disclosed as a retardation film having a smaller retardatton at a shorter 
wavelength at measuring wavelengths of 400-700 nm (Fig. 2 of Japanese Patent Publication No. 2609139). However, 
it Is diffcult to control the retardatton wavelength dlsperston of this cellulose acetate film, and for example, it is difficult 
to control the retardation wavelength dispersion to provide retardation films with optimum retardation wavelength dis- 
persion depending on vanous uses (such as a %JA plate in a reflective liquid crystal display device). The reason Is that 

4$ cellulose acetate is a material with water absorption of about 4-1 0%, depending on the acetylalion degree, and this is 
a cause of such problems as hydrolysis, dimensional deformation and orientation relaxation, whereby it becomes diffi- 
cult to maintain a practical level of retardation and retardation wavelength dispersion for long periods. That is, the prob- 
lem depends on the characteristics of the material, and celluloee acetate films have therefore been Inconvenient In 
terms of optical durability. 

50 [0069] Cellulose acetate films that are used generally have R(&60) as small as a few nm (a high acetylation degree 
and water at)sorption of about 4%) when used, for example, for polarizing plates or support plates of optksal compen- 
sation pletes. For such uses, no problems arise with the retardation In practice even with orientation relaxation of 
R(550). and the film can therefore be used as a retardation film. However, If R(560) Is any larger, It is not possible to 
obtain a highly reliable retardation film using a cellulose acetate film. Moreover, even greater reliability Is cun'ently 

55 desired for uses inside automobiles, for example, where high moisture and heat resistance are required. 

[0070] The retardation film of the invention can be used as a quarter-wave plate. In this case, it is preferred to use 
one which has R = An • d equal to a quarter wavelength of 550 nm which is the highest visibility in visible light. 
[0071 ] In more general temns. to allow a single retardation film of the Invention to be used as a wkJe-band X/4 plate, 
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the retardation wavelength dispersion is preferably in the ranges of 

0.60 < R(450y R(55C} < 0.97 and 
s 1 .01 < R<660)/ R(550) < 1 .40 

more preferBbly, 



10 



55 



0.65 < R{460)/ R(550) < 0.92 and 
1 .03 < R(650)/ R(550) < 1 .30 



and even more preferably. 

15 0.70 < R(460)/ R(560) < 0.B7 and 

1 .04 < R(660y R(560) < 1 .25. 

[0072] By using this type of quarter-wave plate as a single polarizing plate, for example, in a nefiectrve liquid crystal 
20 display device having a construction with a rear electrode also serving as the reflecting electrode, It Is possible to obtain 
a reflective liquid crystal display device witfi excellent Image quality. The retardation flinn can also be used on the rear 
side of a guest-host liquid crystal layer, as viewed by an observer. The role of the retardation film in such srtuationB is 
that of converting linearly polarized light to circularly polarized light and circularly polarized light to linearly polarized 
light within the visible light band, and the retardation filnn of the invention is capable of satisfiactorily achieving this pur- 
25 pose. 

[0073] Thus, as one preferred mode of the Invention there Is provided a reflective liquid crystal display device hav- 
ing a polarizing plate, a X/4 plate and a liquid crystal cell containing a liquid crystal layer between two substrates with 
transparent electrodes In that order, the reflective liquid crystal display device employing as the X/4 plate a retardation 
film which is a retardation fikn comprising a single oriented polycarbonate film, wherein the retardation at wavelengths 
30 of 450 nm and 550 nm satisfies the following formula (1 ): 

R(460)/R(550) < 1 C) 

where R(460) and R(550) represent the In-plane retardation of the oriented polymer film at wavelengths of 450 nm and 

35 550 nm, respectively, and R{550) Is 100-180 nm. 

[0074] Such films may also be used in place of a substrate of glass or a polymer film sandwiching the liquid crystal 
layer of the liquid crystal display device, to serve as both the substrate and the retardation film. 
[0075] An optional use Is as an element that converts circularly polarized light to linearly polarized light In a reflec- 
tive polarizing plate composed of cholesteric liquid crystals that reflect only circularly polarized light in either the clock- 

40 Wise or counterclockwise direction. 

[0076] The retardation film of the invention can also be used as a circular polarizing plate or elliptical polarizing 
plate by attachmsnt to a polarizing plate via a cohesive layer or adhesive layer, or the retardation film may be coated 
with another material for Improved moisture and heat durability or enhanced solvent resistance. 
[0077] The retardation film of the invention has been developed for the purpose of achieving, with a single oriented 

45 polymer film, an ideal ^4 plate or X/2 plate with lower birefringence at shorter wavelengths; however, since this gener- 
ally provides a novel oriented polymer film with lower birefringence at shorter wavelengths and water absorption of 
under 1 wt%, two retarctetion films of the Invention may be laminated together, or a retardation film of the invention may 
be laminated with another optical film (retardation flim, polartzlng plate, optical compensating plate, etc.) to fabricate a 
W4 plate or W2 plate that is ideal in a wider wavelength region, for example, in order to obtain a retardation film or optical 

so film which is suitable for a wider range of uses. 

[0078] According to one aspect of the Invention, It le possible to fabricate a retardation film by laminating two or 
more retardation films that satisfy the tormuJa R(450yR(550) < 1 . 

[0079] According to another aspect of the Invention there is provided a laminated retardation film prepared by lam- 
inating a 7J4 plate and a V2 plate, wherein both retardation films satisfy the following formulae (5) and (6). 



0.6 < R(450yR(550) < 1 (&) 
1 < R(650)/R(550) < 1.4 (6) 
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[0080] With this laminated retardation film, it is possible to achieve virtually perfect circularly polarized light at any 
wavelength in a measuring wavelength range of 400-700 nm, and preferably 400-780 nm, for linearly polarized light inci- 
dent to the laminated retardation film, or conversely, to achieve virtually perfect linearly polarized light at any wavelength 
in a measuring wavelength range of 400-700 nm, for perfect circularly polarized light incident to the laminated retarda- 
5 tion film, 

[0081 1 As a means of evaluating this property, it was determined whether non-colored blackness was obtained with 
a polarizing plate, laminated netardaiion film and reflective plate laminated in that order, i.e. the construction polarizing 
plate/laminated retardation film/neflectlve plate, for Incident visible fight rays o* natural polarization from a polarizing 
plate. With this construction, the polGU-ized state of the light undergoes conversion from natural polarized light -* (polar- 

10 Izing plate) -> linearly polarized light 1 (laminated retardation film) clrcularty polarized light -> (reflective plate) -» 
circularly polarized light -> (laminated retardation fikn) linearly polarized light 2 -*> (polarizing plate), and eince the 
optical axis of the linearly polarized light 2 is shifted 90" with respect to the linearly polarized light 1, it cannot pass 
through the polarizing plate and the nesulting appearance is black. Observation of the degree of coloration of the black- 
ness can serve as an evaluation of the properties of the laminated retardation film. 

IS [0082] As a result of this evaluation, non-colored blackness was obtained with a laminated retardation film cxxnprls- 
ing laminated retardation films satisfying the above formulae (5) and (6). Woh films not satisfying fonmulae (5) and (6), 
the laminated retardation films produced colored blackness. 

[0083] Both laminated retardation films more preferably satisfy the following formulae: 
20 0.70 < R(450)/ R(5S0] < 0.99 and 

1 .01 < R(650)/ R(&60) < 1 .30 

and even more preferably 

25 

0.75 < R(450)/ R(550) < 0.96 and 

1 .02 < R(6B0y R(560) < 1 .20. 

30 [0084] The laminated retardation film of the Invention Is obtained by laminating two retardation films whose retar- 
dation wavelength dispersion values satisfy the above fomnulae (5) and (6). I.e. a half-wave plate and a quarter-wave 
plate, preferably in such a manner that their optical axes form en angle of from SO"* to 70*". When the angle of attachment 
is outside of this range It is not possible to obtain satisfactory properties. 

[0085] The laminated retardation film can roughly achieve R = X/4 (nm) at measuring wavelengths of 400-700 nm. 
35 However, this property does not strictly have to t>e always Ideal for a slngle-polarlzIng plate-type reflective liquid crystal 
display devbe. for example, and when incorporated into a liquid crystal display device it is important to match the Ikjuid 
crystal layer or other optical members. 

[0086] There are no particular restrictions on polymer materials to be used as retardatjon fllnns so long as they sat- 
isfy the above formulae (5) and (6). and representative examples thereof were provided atjove; however, the aforemen- 
40 ttoned polycarboriates with fluorene skeletons are most preferred. The haif-wave plate and quarter- wave plate In the 
laminated retardation film of the invention are also preferably made of the same polymer material from the standpoint 
of productivity. 

[0087] As will be demonstrated In greater detail by the examples which follow, In order to determine the results 
when the retardation wavelength dispersion value of the laminated retardation film does not satisfy the above formulae 

45 (5) and (6), such as when R(450)/R(550) = 0.5 and R(650)/R(550) = 1 .5 , a 2 x 2 optical matrix was used for a simula- 
tk>n, the results of which are shown in Fig. 5. The calculation for the construction: polarizing platei/Iaminated retardation 
film/reflective plate Is a cateulation for light from the polarizing plate entering in a direction normal to the polarizing plate, 
and exiting in the normal direction. The polarizing plate has a 1 00% degree of polarization and the reflective plate Is an 
ideal specular reflection plate. The angles of the optical axes of the optical materials in this construction are shown in 

50 Table 2. As seen in Fig. 5, the reflectivity is partfcularly larger at the shorter wavelength end and longer wavelength end, 
so that the ideal blackness cannot be obtained. 



Table 2 



Polarizing plate polarization axis angle (") 


0 


X/2 plate retardation axis angle (*) 


75 
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V4 piate retardation axis angle (**) 



16 



5 [0088] The two retardation films used lor the Invention are preferably transparent, preferably with a haze value of 
no greater than 3% and a total light transmittance of 85% or greater. Lamination of two such retardation films is pre- 
ferred to prepare a lanrtlnated retardation film with a haze value o1 no greater than 3% and a total light transmittance of 
85% or greater. 

[0089] The film thickness of each retardation film is prsferBbly 1-400 |un. 

10 [0090] The K value Is an Index of the three-dimensional refractive Index anlsotropy of a retardation film, and It varies 
depending on the R value and the film thickness, while the optimum value therefor will differ depending on the use. The 
preferred range may be given in terms of N ^ = (n ^ - n ^)/(n ^ - n y) , which is another Index of the three-dimensional anl- 
sotropy instead of the K value, as between 0.3-1 .5 for a uniaxially stretched film such as a X/4 plate or }J2 plate. Partic- 
ularly when = 0.5, there is almost no change in retardation even the angle of incidence to the retardation film 

15 changes from the front incider>ce. In the case of a biaxially stretched film, It is preferably from -100 to 100. The three- 
dimensional refractive indexes ny. Hy and njfor are those used in the calculation of the K value. 
[0091] The laminated retardation film of the invention may be combined with a polarizing plate through a cohesive 
layer or adhesive layer to form a circularly polarizing plate, or another material may be coated on the retardation film for 
Improved moisture and heat resistance, or enhanced solvent resistance, in the case of a circularly polarizing plate, the 

20 order of the first retardation film In the laminated retardation film of the Invention is important, and the construction: 
polarizing plate//hatf-wave plate//quarter-wave plate is necessary. The circularly polarizing plate can cincularty polarize 
Incident light in a wide wavelength range, for light incident on the polarizing plate side. 

[0092] Light exiting the laminated retardation film of the invention having the construction: half-wave plate/Zquarter- 
wave plate is circularly polarized light, In a wide wavelength range for linearly poiarized light incident to the half-wave 
25 plate side, and light exiting It Is linearly polarized light, In a wide wavelength range for circularly polarized light Incident 
to the quarter-wave plate side. 

[0093] By using this type of retardation film in a liquid crystal display device, and particularly a single polarizing 
plate-type reflective Hquid crystal display device, it is possible to obtain a display device wUh excellent image quality. The 
reflective liquid crystal display device may be one having a construction in the order polarizing plate, retardation film, 

30 transparent electrode-mounted substrate, liquid crystal layer, scattering reflection electrode-mounted substrate; one 
having a construction In the order: polarizing plate, sceltering plate, retardation film, transparent electrode-mounted 
substrate, liquid crystal layer, specular reflection electrode-mounted substrate; one having a construction in the order 
polarizing plate, retardation mm. trsnsparent electrode-mounted substrate, liquid crystal layer, transparent electrode- 
mounted substrate, reflective layer; or the like. As an option, the quarter-wave plate may be used in a liquid crystal dis- 

35 play device serving as both a transparent type and reflective type. The construction of such a liquid crystal display 
device may be, for example, the following: polarizing plate, retardation film, transparent electrode -mounted substrata, 
liquid crystal layer, reflectiveAransparent electrode-mounted substrate, retardation film, polarizing plate, backlight sys- 
tem. Also, for example, it may be used as an element to convert circularly polarized light to linearly polarized light In a 
reflective polarizing plate made of cholester'ic crystals that reriect only circularly polarized light in either the clockwise 

40 or counter-clockwise direction, to obtain satisfactory linearly polarized light across a wide band. 

[0094] The retardation film of the invention nnay be used as a quarter-wave plate to be used In the optk;al head of 
an optical recording device. In partteular, since the retardation film can provide quarter wavelength retardation for mul- 
tiple vravetengths, it can contribute to reducing the number of retardation films In an optical head emptying multiple 
laser light sources. 

45 [0095] Figs. 7-13 show exan^les of constructions of laminated retardation films and Tiquid crystal display devices 
employing retardation films according to the Invention. 

Examples 

50 (Evaluation methods) 

[0096] The materiel property values described throughout the present specifcation were obtained by the following 
evaluation methods. 

55 (1 ) Measurement of R and K values 

[0097] The retardation R value wheh is the product of the birefringence An and the film thickness d, and the K value 
which Is obtained from the three -dimensional refractive Indexes, were measured with the spectral elllpsometer "Ml 50" 
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by JASCO Corporation. The R value was measured with the incident light rays and the film surface In an orthogonal 
stale, where R = An • d = (n^ * n y) • d . The K value was determined by varying the angle between the incident light 
rays and the film surtece and measuring the retardation value at each angle, calculating n^, riy and nj as the three- 
dimerts'ional refractive indexes by curve fitting using a pubficly known nefracth^e index ellipsoid formula, and sulsstltuting 

5 the values into the fomnula: K = (n ^ - (n ^ + r\^)/2) * d . This requires the separate parameter of the average refractive 
index n = (nj^ + ny-»-n ^)/3 , and this was determined by measuring the refractive index n at measuring wavelengths X- 
ot 500, 550, 590 and 640 nm using an "Abbe refractometer 2-T" by Atago, Inc., which Is an Abbe retractometer 
equipped with a spectrophotometric light source, and finding the refractive indexes at the other wavelengths from 4 
points using the Cauchy formula (n = a b/X^ i- c/k^ ; where a, b emd c are the fitting parameters). The units for both 

10 the K and R values are nm. The variables n^, Ry and n, are defined as follows. 

n^: Refractive index In primary stretching direction in the film plane 

rty'. Retractive index in direction orthogonal to the primary stretching direction in the film plane 
n;: Refractive index in the direction normal to the film surface 

IS 

[0098] (The primary stretching direction is the drawing direction in the case of uniaxial drawing, and the direction of 
drawing that gives the highest degree of orientation, in the case of biaxial drawing; in terms of chemical structure, it indi- 
cates the direction of orientation of the pofymer main chain.) 

[0099] The R values at each wavelength given in the following tables are the measured values. The refractive index 
so anisotropy is positive when R(550) > 0, and negative when R(550) < 0. 

(2) Measurement of total light transmittance and haze 

[0100] Measurement was made writh an integrating sphere light ray transmittance measuring apparatus according 
25 to "Plastics Optical Property Testirtg IMethod" of the Japan Industrial Standard JIS K 7105. The evaluating apparatus 
used was a "COH-SCOA" color dlfferenca^urbldtty measuring Instrument by Nippon Denehoku, KK. 

(3) Measurement of water absorptkin 

30 [0101] (Measurement was made according to "Plastics Water Absorption and Boiled Water Absorption Testing 
Method* of JIS K 7209. except that the film thickness of the dried film was 130 ±50 \im. The test piece was a 50 mm 
square piece, the water temperature was 25'*C, and the weight change was measured after Immersing the sample in 
water for 24 hours. The units are given as percentagee. 

35 (4) Measurement of polymer copolymerizatton ratio 

[0102] Measurement was made by proton NMR with a *JNM-atpha600* by Nippon Denshi K.K.. Particularly in the 
case of a copoiymer of bisphenol A end biscresoifiuorene, heavy benzene was used as the solvent and cak^ulaUcn was 
made from the proton strength ratio for each methyl group. 

40 

(5) Measurement of polymer glass transition temperature (Tg) 

[0103] Measurement was made using a "DSC2920 Modulated DSC* by TA Instruments. The measurement was 
conducted not after film formetlon but after resin polymerization, in a flake or chip stats. 

45 

(6) Measurement of polymer limiting viscosity 

[0104] An Ubbellohde viscosity tube was used to determine the limiting viscosity at 2CPC In methylene chloride. 

so (7) Measurement of film color tone 

[D105] A "U-SSOO" spectrophotometer by Hitachi Laboratories was used to determine the b* v^ue of the L*8"b* 
color spectfk:atlon system accondlng to JiS Z-8729, with a 2° visual field and a c light source. 

55 (8) Measurement of film thkdcness 

[0106] Measurement was made with an electronk: microprobe by Anritsu Corp. 
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(9) Measurement of photoelastic constant 

[0107] This was measured at a measuring wavelength of 590 nm, using the spectral elllpsometer "Ml 50" by 
JASCO Corporation. 

[0108] The monomer stnjctures of the polycarfconates used m the following exannples and comparative examples 
are given below. 

(10) Heat durability test 

[0109] The film was placed In two constant temperature baths and allowed to stand under conditions [1] and [2] ([1] 
60*C, dry. 1000 hours; [2] 60*C. 60% RH, 1000 hours), after which the film was removed and measurements (1). (2) 
and (7) above were repeated. 
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[0110] Table 3 shows the R(4S0yR(550} and the refractive Index anisotropy upon uniaxial stretching at near Tg, for 
stretched films of homopolynrrers of phosgene with [A] to [G] above, and polystyrene [PS] and polyphenylena oxide 
[PRO]. Due to the difficulty of film formation with [F], [G] or [PRO] alone, for [F] and [G] the values were extrapolated 
from copolymers with small varying amounts of [A] added. For [PRO], the value was extrapolated from copolymerB wKti 
small varying amounts of [PS] added. 
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Table 3 





(A] 




[C] 


[D] 


[E] 


[F] 


[G] 


[PPO] 


[PSl 


R{450)/ R(550) 


1.08 


1.07 


1.08 


1.08 


1.07 


1.14 


1.14 


1.15 


1.06 


Refractive index anisotropy 


+ 


+ 


+ 


+ 


+ 






+ 





10 [Example 1] 

[0111] A sodium hydroxide aqueous solution and ion-exchange water were charged into a reaction vessel equipped 
with a stirrer, thermometer and reflux condenser, and then monomers [A] and [G] having the structures shown above 
were dissolved in the molar ratios given in Table 1 and a small amount of hydrosulfKe was added. After then adding 
IS methylene chloride, phosgene was blown In at 20^0 for about 60 minutes. After adding p-terl-butylphenol for emulsHI- 
cation, triethytamine was added and the mixture was stirred at 30^0 for about 3 hours to complete the reaction. Upon 
completion of the reaction, the organic phase was separated off and the methylene chloride was evaporated to obtain 
a polycarbonate copolymer. The compositional ratio of the obtained copolymer was roughly the same as the monomer 
charging ratio. 

so [0112] The copolymer was dissolved In methylene chloride to prepare a doping solution with a solid content of 15 
wt%. A cast film was fomned from this doping solution, and was subjected to free-width uniaxial stretching to a factor of 
1 .9 at a temperature of 218°C. The solvent content of the cast film prior to drawing was 2%, and the ratio of the width 
of the film In the drawing zone to the length In the direction of drawing was 1:1.2. 

[0113] The measurement results are summarized in Table 4. The relationship between the retardation and the 
25 wavelength dispersion Is shown In Fig. 1 4. The film had a smaller retardation with shorter measuring wavelength, with 
the largest In-plane refractive Index in the direction of drawing, whereby positive refractive Index aniaotropy was con- 
firmed. 

[0114] The photoelastic constant of the unstretched cast film was 35 x 10^^ cm^/dyne. 
[0115] This was followed by heat durability testing, and virtually no changes were found. 

30 

[Example 2] 

[0116] The unstretched cast film prior to stretching that was fabricated In Example 1 was subjected to biaxial draw- 
ing to a factor of 1.1 at 220''C, in both the lengthwise and widthwise diredions, one after the other. The measurement 
3S results are summarized in Table 4. 

[0117] This was followed by heat durability testing, and virtually no changes ware found. 

[Example 3] 

40 [0118] A polycartjonate copolymer was obtained by the same method as Example 1 , except that the monomers 
listed in Table 4 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer 
charging ratio. A film was fomned In the same manner as Example 1 , and a retardation film was obtained by free-width 
uniaxial drawing to a factor of 1 .7 at a temperature of 21 B^C. The solvent content ot the cast film prior to drawing was 
0.5%. 

45 [0119] The measurement results are summarized in Table 4. The film had a smaller retardation with shorter meas- 
uring wavelength, end positive refractive index anisotropy was confimned. 
[0120] This was followed by heat durability testing, and virtually no changes were found. 

[Example 4] 

50 

[0121 ] The unstretched cast film prior to drawing thai was fabricated in Example 2 was subjected to biaxial drawing 
to a factor of 1 .1 . at 220'C, in both the lengthwise and widthwise directions, one after the other. The measurement 
results are summarized In Table 4. 

[0122] This was followed by heat durability testing, and virtually no changes were found. 

55 

[Example 5] 

[0123] A polycarbonate copolymer was obtained by the same method as Example 1, except that the monomers 
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listed in Table A were used. The composftional rBtio of the resafting copofymer was roughJy the same as the monomer 
charging ratio. A lilm was formed In th« same manner as Example 1 , and a retardation film was obtained by Iree-wkJth 
uniaxial drawing to a factor of 1 .7 at a temperBture of 21 d'C. The solvBnt content of the cast film prior to drawing was 

0.2%. 

5 [0124] The measurement results are summarized In Table 4. The film was confirmed to have positive refractive 

index anisotropy. 

[0125] This was followed by heat durability testing, and virtually no changes were found. 
[Example 6] 

10 

[0126] The copolymer prepared in Example 3 was dissolved in methylene chloride so that the proportions of [A] and 
[G] were the same as in Example 1 . The concentration of the solution was 15 wt% in terms of solid content, but it was 
transparent with no turbidity, and the film prepared from the solution had a haze of 0.5%, showing the two copolymers 
to be compatible. When the cast film was drawn under the same conditions as Example 1 , the wavelength dispersion 
IS relationship for values K and R was found to be roughly equal to that in Exannple 1 . 

[0127] This was followed by heat durability testing, and virtually no changes were found. 

[Example 7] 

so [0128] A polycartx>nate copolymer was obtained by the same method as Example 1, except that the monomers 
listed In Table 4 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer 
charging ratio. A film was formed in the same manner as Example 1, and a retardation film was obtained by uniaxial 
drawing to a factor of 2 at a temperature of 240*C. The measurement results are summarized in Table 4. The film had 
a smaller retardation with shorter measuring wavelength, and positive refractive index anisotropy was confirmed. 

2S 



Table 4 



45 



Optical properties of retardation films in examples 




Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 7 


Monomer 1 structure 
{charging mole%} 


[A] (32) 


[Al(32) 


[A] (40) 


[A] (40) 


[A] (45) 


[A] (29) 


Monomer 2 structure 
(charging mole%) 


[G] (BB) 


[G] (68) 


[G] (60) 


[G] (60) 


[G]{55) 


in (71) 


Tg (^C) 


227 


227 


218 


21 B 


213 


234 


Limfting viscosity [nJ 


0.792 


0.792 


0.701 


0.701 


0.672 


0.655 


R(450) 


113.6 


2.5 


149.7 


3.1 


102.2 


91.8 


0(550) 


151.0 


3.3 


160.3 


3.1 


104.3 


102.1 


R(650) 


166.1 


3.6 


162.7 


3.0 


104.3 


107.4 


R(450)/R(550) 


0.752 


0.758 


0.934 


1.000 


0.980 


0.899 


R(650)/R(650) 


1.100 


1.091 


1.015 


0.968 


1.000 


1.052 


K(460) 


-54.2 


-27.2 


-74.7 


-60.6 


-60.9 


-44.1 


K(5S0) 


-74.5 


-46.8 


'80.2 


-64.2 


-50.8 


-52.1 


K(65a) 


-82.3 


-67.1 


-81.1 


-64.4 


-50.7 


-53.5 


K(4S0)/K(550) 


0.728 


0.581 


0.931 


0.944 


1.002 


0.846 


K(650)/K(550) 


1.105 


1.434 


1.011 


1.003 


0.998 


1.027 


Average refractive 
index (450) 


1.635 


1.636 


1.627 


1.627 


1.628 


1.633 


Average refractive 
index (550) 


1.625 


1.625 


1.621 


1.621 


1.621 


1.824 
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Table A (continued) 



Optical properties of retardation films in examples 




Example 1 


Exampte 2 


bxampie o 








Average relractlve 


1.621 


1.621 


1.615 


1.615 


1.61S 


1.622 


Water Bbsorption(%} 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


Haze (%) 


0.7 


0.9 


0.9 


0.8 


0.9 


0.9 


Total light transmlt- 
tanca (%) 


91.0 


91 .2 


91.2 


91.1 


90.2 


90.2 


b* 


0.7 


0.7 


0.7 


0.6 


1.0 


1.0 


Stretched film thick- 
ness iiiTD) 


100 


110 


110 


120 


100 


100 



[Example 8] 

20 [0129] A polycarbonate copolymer was obtained by the same method as Example 1 . except that the monomers 
listed In Table 6 were used. The composftlonal ratio of the resulting copolymer was roughly the same as the monomer 
charging ratio. A film was formed In the same manner as Example 1, and a retardation film was obtained by uniaxial 
drawing to a factor of 1.6 at a temperature of 21 O^C. 

[0130] The measurement results are summarized in Table 5. The film had a smaller retardation with shorter meas- 
25 uring wavelength, and positive refractive Index anisotropy was confirmed. 

[Example 9] 

[0131] A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers 
30 listed In Table 5 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer 
charging ratio. A film was formed in the same manner as Example 1 , and a retardation film was obtained by uniaxial 
drawing to a factor of 1 .6 at a temperature of 230*>C. 

[0132J TTie measurement results are summarized In Table 6. The film had a smaller retardation with shorter meas- 
uring wavelength, and positive refractive Index anisotropy was confirmed. 

[Example 1 0] 

[0133] A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers 
listed in Table 5 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer 
40 charging ratio. A film was formed In the same manner as Example 1 , and a retardation film was obtained by stretching 
to a factor of 1 .7 at a temperature of 230"C. 

[0134] The optical property measurement results are summarized In Table 5. The film had a smaller retardation 
with shorter pneasurlng wavelength, and positive refractive Index anisotropy was confirmed. 

45 [Example 1 1 ] 

[0135] A polycarbonate copolymer was obtained t>y the same method as Example 1 . except that the monomers 
listed In Table 5 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer 
charging ratio. A film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to 
so a factor of 1 .6 at a temperature of 240"C. 

[0136] The measurement results are summarized in Table 5. The film had a smaller retardation with shorter meas- 
uring wavelength, end positive refractive Index anisotropy was confirmed. 
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Tables 



10 



IS ' 



Optical properties of retardation films in examples 




Example 8 


Example 9 


Example 10 


Example 1 1 


Monomer 1 structure (charging mole%) 


[B] (60) 


[C] (37) 


(DJ (40) 


[E] (55) 


Monomer 2 structure (charging mole%) 


IG] (40) 


[G] (63) 


[G] (60) 


[G] (46) 


Tg("C) 


190 


232 


244 


225 


Limiting viscosity [r\] 


0.821 


0.632 


0.692 


0.998 


R(450) 


SB. 6 


39.1 


42.0 


116.6 


R(550) 


72.8 


53.9 


49.9 


141.8 


R(650) 


80.08 


59.3 


52.6 


150.3 


R(450)/R(550) 


0.803 


0.725 


0.841 


0.822 


R(650)/R(550) 


1.100 


1.101 


1.054 


1.060 


K(450> 


-28.0 


-18.9 


-20.5 


-58.0 


K(550) 


-34.2 


-26.1 


-26.1 


-70.3 


K(650) 


-40.1 


-26.9 


-26.7 


-76.2 


K(450yK(650) 


0.819 


0.724 


0.817 


0.825 


K(650)/K(550) 


1.173 


1.107 


1.064 


1.070 


Average refractive Index (450) 


1.612 


1.623 


1.618 


1.625 


Average refractrve index (560) 


1.603 


1.618 


1.609 


1.612 


Average refractive index (650) 


1.588 


1.612 


1.601 


1.603 


Water ab8orpt)on(%) 


0.2 


0.2 


0.2 


0.2 


Haze (%) 


0.8 


0.9 


0.9 


0.8 


Total light transmittance {%) 


90.5 


90.7 


90.6 


90.2 


b* 


0.9 


0.8 


0.7 


0.7 


Stretched film thickness (}im) 


80 


90 


90 


100 



-w [Example 12] 

{0137] Polystyrene (obtained from Wako Junyaku Kogyo, KK.) as a polymer with negative refractive index anlsot- 
ropy and potyphenylene oxide (poly(2.6-dlmethyl-1,4-pheny!ene oxide) obtained from Wako Junyaku Kogyo. KK.) as a 
polymer with positive refractive index anlsotropy, were dissolved in chloroform in proporltons of 70 and 30 wt%, respec- 
45 tively, to prepare a doping solution with a solid content of 1 B wt%. A cast film was fonmed from the doping solution and 
was uniaxially drawn to a factor of 3 at a tempenature of 1 30°C. Tha glass transition temperature of the film was 125°C. 
[0138] The optical property measurement results are summarized In Table 6. The film had a smaller retardation 
with shorter measuring wavelength, and negative refractive Index anlsotropy was contlmied. 

[0139] For reference. Fig. 15 shows the relationship between the birefringence wavelength dispersion coefficient 
50 and the polyphenylene oxide volume fraction with different blend ratios of polystyrene and potyphenylene oxide. It can 
be seen that the optical anicotropy is negative in the area of low polyphenylene oxide, and an area exists where the bire- 
fringence wavelength dispersion coefficient is smaller than 1. On the other hand, the value is larger than 1 In the area 
of high polyphenylene oxide and positive retractive Index anlsotropy. 

[01 40] Rg. 1 6 shows the relationship between the volume Iraction and birefringence wavelength dispersion coeffi- 
55 cient such as shown in Fig. 1 5, as calculated using the above-mentioned formula (c). Fig. 1 6 is given by using -0. 1 0 and 
0.21 as the values of the intrinsic birefringence at a wavelength of 550 nm for polystyrene and polyphenylene oxide (see 
D. Lefebvre, B. Jasse and L. Monnerie, Polymer 23, 706-709, 1982). Fig. 15 and Rg. 16 are well matched. The densities 
used of polystyrene and polyphenylene oxide were 1.047 and 1.060 gfcm^, respectively. 
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Table 6 



Optical properties of retardation films in exam- 
ples 




Example 1 2 


Tg (*C) 


134 


R(450) 


-119.1 


R(550) 


-138.0 


R(B50) 


-147.a 


R(4S0V R(550) 


0.883 


R(650)/ R(550) 


1.071 


Water absorption (%) 


0.3 


Haze (%) 


0.7 


Total light transmittance (%) 


91.1 


to- 


1.0 


Stretched lllm thickness (^m) 


140 



25 [Example 1 3] 

[01411 "Th© f'Irn tomned In Example 1 was evaluated by incorporation into a single polarizing plate reflective liquid 
crystal display device mounted in a "Game Boy Color', which is a portable game device by Nintendo, Inc. The construc- 
tion, as viewed by an observer, is: polarizing plate/retardation film formed in Example 1/glass substrate/ITO transparent 

3o electrode/allgnrment fllm/lwlsted nematlc liquid crystals/alignment film/metal electrode (and reflective fllm)/glass sub- 
strate. The adhesive layers between each of the layers are omitted. The films were attached at angles that displayed 
white with the voltage off, and the tirrt was evaluated visually. The retardation film lunctlons as a X/4 plate. This com- 
mercial product employs two polycarbonate films made of a homopolymerof bisphenol A and having different retarda- 
tion values, but it was confirmed that when only one film of Example 1 was used, there was low cotoration especially 

30 when displaying black, and this resulted In high contrast and excellent visibility. 

[Example 14] 

[0142] The film formed according to Example 1 was placed on a reflective polarizing plate comprising cholesteric 
40 liquid crystals, and the tint was evaluated with the construction: commenclally available backllght/cholesterlc nquld crys- 
tal layer/film of Example 1 /polarizing plate. The film of Example l functions as a A/4 plate. The angle between the retar- 
dation axis of the film and the polarization axis was 46". TTie light emitted from the polarizing plate was white with little 
coloration. 

4S [Example 16] 

[0143] Using an optical compensation film employing a UV-cured discotic liquid crystal layer, Incorporated into the 
liquid crystal dlaplay device of a commercial liquid crystal monitor-equipped video camera, the discotic liquid crystal 
layer was peeled off from the support plate and attached to the retardation film formed in Example 2 via a cohesive 
so layer. This was attached back to the liquid crystal display device, i.e. only the support substrate was replaced with the 
product of Example 2, and the device was used as a liquid crystal monitor; whereas the white display sections appeared 
brown-colored when viewed at an angle from the horizontal direction of the monitor In its commercial product stale, the 
construcllon described here resulted In a much lower degree of coloration and hence excellent visibility. In addition, 
there was no loss of front contrast 

55 

[Comparath/e Example 1] 

[0144] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
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were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
film WB8 fomied in the eame manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .5 at 
a terTY>erature of 240**C. The measLirement results are summarized in Table 7. The film was oonfirmed to have a larger 
retardation with shorter measuring wavelength in terms of absolUe value. 

s 

[Comparative Example 2] 

[0145] A polycarbonate copolymer was obtained by the same method except that the monomers listed In Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
10 film was fomned In the same manner as Example 1 . and a retardation 111m was obtained by drawing to a factor of 1 .2 at 
a temperature of 1 70"C. The measurement results are summarized in Table 7- The film was oonfirmed to have a larger 
retardation with shorter measuring wavelength in terms of absolute value. 

[Comparative Example 3] 

IS 

[0146] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the nrranomer charging ratio. A 
film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor o1l .5 at 
a temperature erf 240''C. The measurement results are summarized in Table 7. The film was confirmed to have a larger 
so retafdatlon with shorter measuring wavelength In terms of absolute value. 

[Comparative Example 4] 

[0147] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
25 were used. The composHionat ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
film was fomned In the same manner as Example 1 , and a retardation film was obtained by drawing to a factor oil .2 at 
a temperature of 1 65*0. The measurement results are summarized in Table 7. The film was oonfirmed to have a larger 
retardation with shorter measuring wavelength in terms of absolute value. 

30 [Comparative Example 5] 

[0148] A polycarbonate copolymer was obtained by the same method except that the monomers listed In Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
film was formed in the same manner as Example 1 , and a retardation film was obtained l3y drawing to a factor of 1 .6 at 
35 a temperature of 230**C. The optical property measurement results are summarized In Table 7. The film was confirmed 
to have a larger rstardation with shorter measuring wavelength in lenrw of absolute value. 

[Comparative Example 6] 

40 [0149] A polycarbonate copolymer was obtained by the same method except that the monomers listed In Table 7 
wers used. The composrtional ratio of the resulting copolymer was roughly the same as the nnononrwr charging ratio. A 
film was fonned In the same manner as Example 1 , and a retardation film was obtained by drawing to a factor ofl .1 at 
a temperature of 1 60*'C. The measurement results are summarized In Table 7. The film was oonflnned to have a larger 
retardation with shorter measuring wavelength in terms of absolute value. 

46 

[Comparative Example 7] 

[0150] A polycarbonate copolymer was obtained by the same method except that the monomers listed In Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
so film was formed in the same manner as Exannple 1 , and a retardation film was obtained by drawing to a factor of 1 .3 at 
a temperature of 240*'C. The measurement results are summarized in Table 7. The film was confirmed to have a langer 
retardation with shorter measurir>g wavelength in terms of absolute value. 

[Comparative Example 8] 

55 

[0161] A polycarbonate copolymer was obtained by the same method except that the monomers listed In Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
film was fonned in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .2 at 
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B temperature of T/S'C. The measurement results are summarized in Table 7. TTie film was confirmed to have a larger 
retardation with shorter meaBuring wavelength In terms of absolute value. 

[Comparative Example 9] 

5 

[0152] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolynner was roughly the same as the monomer charging ratio. A 
film was formed In the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1 .2 at 
a terrperature of 260''C. The measurement results are summarized in Table 7. The film was confirmed to have a larger 
10 retardation with shorter measuring wavelength In terms of absolute value. 

[Comparative Example 1 0] 

[0153] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
IS were used. The compositional ratio of the resulting copolymer was roughty the sane as the monomer charging natia A 
film was formed In the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1.1 at 
a temperature of 1 TO'C. The optical property measurement results are summarized in Table 7. The film was oonflrmed 
to have a larger retardation with shorter measuring wavelength in terms of absolute value. 

20 [Comparative Example 1 1 ] 

[0154] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1.5 at 
25 a temperature of 260**C. The measurement results are summarized in Table 7. The film was confimned to have a larger 
retardation with shorter measuring wavelength In terms of absolute value. 

[Comparative Example 12] 

30 [0155] A polycartonate copolymer was obtained by the same method except that the monomers listed In Table 7 
were used. The connposltlonal ratio o1 the resulting copolymer was roughly the same as the monomer charging ratio. A 
film was formed in the same manner as Example 1 , and a retardation film was obtained by drawing to a factor of 1.2 at 
a temperature of 180*>C. The measurement results are summarized In Table 7. The film was confimned to have a larger 
retardation with shorter measuring wavelength in terms of absolute value. 

35 

[Comparative Example 13] 

[0156] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
ware used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
40 film was formed In the same manner as Example 1. and a retardation film was obtained by uniaxial drawing to a factor 
of 1.1 at atenrtperature of 160*>C. The measurement results are summarized in Table 7. The film was confirmed to have 
a larger retardation with shorter measuring wavelength In temns of absolute value. 

[Comparative Example 14] 

45 

[0157] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
film was fonmed In the same manner as Example 1, and a retardation film was obtained by uniaxial drawing to a factor 
of 1 .1 at a temperature of 175*0. The measurennent results are summarized in Tattle 7. The film was confinned to have 
50 a larger retardation with shorter measuring wavelength in terms of absolute value. 

[Comparath/e Example 15] 

[0158] A polycarbonate copolymer was obtained by the same method except that the monomers listed in Table 7 
55 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging ratio. A 
film was formed In the same manner as Example 1, and a retardation film was obtained by uniaxial drawing to a factor 
of 1 .1 at a temperature of 170"'C. The measurement results are summarized in Table 7. The film was confinned to have 
a larger retardation with shorter measuring wavelength In terms of absolute value. 
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[Example 16] 

[0159] A sodium hydroxide aqueous solution and Ion-exchange water were charged Into a reaction vessel equipped 
with a stirrer, thermometer and reflux condenser, and then monomers A and G having the strijctures shown above were 

s dissolved In the molar ratios given In Table 8, and a small amount of hydroeulflte was added. After then adding methyl- 
ene chloride, phosgene was blown in at 20°C for about 60 minutes. After adding p-tert-butylphenol for emulsification, 
triethylamine was added and the mixture was stirred at 30°C for about 3 hours to complete the reaction. Upon comple- 
tion of the reaction, the organic phase was separated off and the methylene chloride was evaporated to obtain a poly- 
CBTbonate copolymer. The compositional ratio of the obtained copolymer was roughly the same as the monomer 

10 charging ratio. 

[0160] The copolymer was dissolved in methylene chloride to prepare a doping solution with a solid content of 20 
wt%. A cast film was formed from this doping solution, and was subjected to uniaxial drawing to form a retardation film 
for X/4 and X/2 (nm) at a measuring wavelength of X = 550 nm. 

[0161 1 The film was attached at the angle shown in Table 8, to form an optical multilayer film comprising a polarizing 
15 plate//hatf'Wave piate/Zquarter-wave piate/Zreflective plate. An adhesh/e was used between each optical film. 

[0162] Fig. 6 shows a summary of the reflection spectrum of this optical multilayer film. There is a complete 
absence of coloration, and blackness with low reflectivity is achieved in the case where the reflectivity is 0 in the total 
wavelength range in Fig. 6; however, with the laminated retardation film of the invention, the reflectivity was lower than 
the comparative examples described later as seen in Fig. 6, giving a very excellant condition of bIcMknass. The optical 
so multilayer film was also visually examined and found to be black with no coloration. 

[Example 1 7] 

[0163] A polycarbonate copolymer was obtained by the same method as Example 16 except that the monomers 
25 listed in Table 7 were used. The oompositional ratio of the resulting copolymer was roughly the same as the monomer 
charging ratio. A half -wave plate and quarter-wave plate were fbrmed In the same manner as Example 16, and these 
wera attached at the angle shown in Table 1 to prepare an optical multilayer film comprising a polarizing plateZ/half-wava 

plate/Zquarter-wave plate/Zreflectlve plate. 

[0164] Fig. 6 shows a summary of the reflective spectrum for this optical multilayer film. As seen in Fig. 6, a very 
30 excellent condition of blackness was achieved compared to the comparative examples. The optical multilayer film was 
also visually examined and found to be black with no coloration. 



Table 6 





Example 16 


Example 1 7 


Comp. Ex 16 


Comp. Ex. 17 


Monomer 1 structure (charging mole%) 


A (42) 


A (34) 


A (100) 




Monomer 2 structure (charging mole%) 


G(58) 


G (66} 






R(460)/ R(550) 


0.963 


0.849 


1.07B 


1.010 


n(650)/ R(550) 


1.00B 


1.041 


0.960 


0.997 


K(450)/ K(650) 


0.964 


0.655 


1.071 


1.010 


K(650)/ K(550) 


1.007 


1.039 


0.971 


0.998 


Polarizing plate polarization axis angle (°) 


0 


0 


0 


0 


A/2 plate retardertlon axis angle (^) 


75 


75 


76 


75 


X/4 plate retardation axis angle (**) 


IS 


IS 


16 


15 



[Comparative Example 16] 

[0165] A polycart>onate homopolymer was otrtalned by the same method as Example 1 6 except that the monomers 
listed in Table 8 were used. A half-wave plate and quarter-wave plate were formed in the same manner as Example 1 6, 
55 and these were attached at the angles shown in Table 8 to prepare an optical multilayer film comprising a polarizing 
plate//half-wave plate//quarter-wave plate//reflectlve plate. 

[0166] Rg. 6 shows a summary of the reflective spectrum for this optical multilayer film. The optical multilayer film 
was also visually examined and found to have coloration In the blackness. 
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{Comperative Example 1 7] 

[0167] A half -wave plate and quarter-wave plate were lormed in the same manner as Example 16, using the nor- 
bornane resin "ARTON G* by JSR, KK, and these were attached at the angles shown in Table 8 to prepare an optical 
5 multilayer film comprising a polarteing plateZ/half-wava platez/quaner-wave plate/Zreflectlve plate. 

[0168] Rg. 6 shows a summary of the reflective spectrum for this optical multilayer film. The optical multilayer film 
was also visually examined and found have coloration in the blackness, compared to Examples 16 and 17. 

in<;ju$tnai AppllC9i?iiity 

10 

[0169] According to the present invention it was possible to obtain a retardation film having a smaller birefringence 
vmth shorter measuring wavelengths, even with a single film. A retardation film having such birefringence wavelength 
dispersion properties and a retardation to 1/4 wavelength at a measuring wavelength of 550 nm will function as a retar- 
dation film that converts circularly polarized light to linearly polarized light and linearly polarized light to circularly polar* 
IS ized light in a wide wavelength range, and It can therefore be applied to a single polarizing plate- or guest/ host-type 
reflective liquid crystal display device, or to a reflective polarizing element that reflects circularly polarized light in one 
direction, in order to provide high image quality liquid crystal display devices and high performance reflective polarizing 
elements with satisfactory productivity. 

20 Claims 

1. A retardation film comprised of a single oriented polymer film, characterized In that the retardation at wavelengths 
of 450 nm and 550 nm satisfies the following formulae (1) and/or (2), and the water absorption is no greater than 
1%: 

25 

R(460)/R(550) < 1 (1) 

K(450)/K{550) < 1 (2) 

ao where R(450) and R(550) represent the In-plane retardation of the oriented polymer film at wavelengths of 450 nm 
and 550 nm, respectively, and K(450) and K(550) are the values calculated by K = [n ^ - (n^ -i- riy/g x d (where tn^, 
r^y, and n^ nepresent the three-dimensional refractive indexes of the oriented polymer film as the rafradlve Indexes 
In the direction of the x-axIs, y-axis and z-axis, respectively, and d represents the thickness of the flkn) for the ori- 
ented polymer film at a wavelength of 450 nm and 560 nm, respectively. 

35 

2. A retardation film according to claim 1 , wherein the retardation at wavelengths of 450 nm, 550 nm and 650 nm sat- 
isfies the following formulae (3) and (4): 

0.6 < R{45CyR(550) < 0.97 (3) 

40 

1.01 < R(66QyR(550) < 1.4 (4) 

Where R(650) represents the In-plane retardation of the oriented polymer film at a wavelength of 650 nm. 

45 3. A retardation film according to claim 1 or 2, wherein the retardation is smaller with a shorter wavelength in the 
wavelength range of 400-700 nm. 

4. A retardation film according to claim 1, which comprises an oriented polymer film wherein 

50 (1) the film is composed of a polymer oomprising a monomer unit of a polymer with positive refractive index 

anisotropy (hereunder referred to as first monomer unit") and a monomer unit of a polymer with negative 
refractive index anisotropy (hereunder referred to as "second monomer unit'), 

(2) R(460yR(550) for the polymer based on said first monomer unit is smaller than R(450)/R(550) for the pol- 
ymer based on said second monomer unit, and 
55 (3) the film has positive refractive index anisotropy. 

5. A retardation film according to claim 1. which comprises an oriented polymer film wherein 
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(1) the film is composed of a polymer comprising a monomer unit that forms a polymer with positive refractive 
Index anisotropy (hereunder referred to as "flret monomer unit") and a monomer unit that forms a pofymer with 
negative refractive index anisotropy (hereunder referred to as 'second monomer unit"), 

(2) R(450yR(55O) for the polymer based on said lirst monomer unit is larger than R(450yR(550) for the poly- 
s nner based on said second monomer unit, and 

(3) the film has negative refractive Index anisotropy. 

6. A retardation film according to claim 1 , wherein said oriented polymer film Is made of a polymer material with a 
glass transition temperature of 120''C or higher 

10 

7. A retardation film according to claim 1 , wherein said oriented polymer film contains a polycarbonate with a fluorene 
skeleton. 

8. A retardation film according to claim 1 , which is an oriented polymer film comprising copolymer and/or blend of 
IS polycartxsnetes In which 30-90 mole percent of the total consists of a repeating unit represented by the following 

general formula (I): 



20 



25 




where Ri-Re are each independently selected from among hydrogen, halogen atoms and hydrocartxin groups of 
30 1 -6 carbon atoms, and X Is 



35 




40 

and 70-10 mole percent of the total consists of a repeating unit represented by the following general formula (li): 



Rt Rio Rii Ri4 




(11) 



where R9-R16 are each Independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 
1-22 carbon atoms, and Y Is 

55 
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Ri 7 Ar Ri • 




0 0 I 

% R t f 



or -R23-. 

where In Y, R17-R19, R21 and R22 are each independently selected from among hydrogen, halogen atoms and 
hydrocarbon groups of 1-22 carbon atoms, R20 and R23 are selected from among hydrocarbon groups of 1-20 car- 
bon atoms, and Ar is selected from among aryl groups of 6-10 carbon atoms. 

A retardation film according to claim 8, which is an oriented polymer film comprising copolymer and/or blend of 
polycarbonates In which 35-65 mole percent of the total consists of a repeating unK represented by the following 
general formula (III): 




(III) 
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where R24 and R25 are each independently selected from among hydrogen and methyl. 

and 65-15 mole percent of the total conaietfi of a repeating unit represented by the following general formula (IV): 



5 



10 




(IV) 



where R26 and R27 are each Independently selected Irotn among hydrogen and methyl, 
IS and 2. is selected from among 



so 



30 



05 




s 



40 

10. A retardation film aocord'rng to claim 5. which is a blended oriented polymer film in which said polymer with positive 
refractive Index aniaotropy is poly(2,6-dimethyl-1,4-phenyleneox)de) and said polynner with negative refractive 
Index anisotropy la polystyrene, wherein the polyatynene content is from 67 wt% to 75 wt%. 

40 11. A retardation film according to claim 1, wherein the b* value representing the object color is 1 .3 or smaller 

12. A retardation film according I0 daim 1 , which is a X/4 plate. 

13. A retanilation film according to claim 1 . which is a V2 plate. 

50 

14. A retardation film according to claim 12 or 13, wherein R(550) £ 00 nm. 

15. A laminated retardation film prepared by laminating a X/A plate and a V2 plate, wherein both the yjA plate and xiz 
plate are a retardation film according to claim 1 . 

55 

16. A laminated retardation film according to claim 15, wherein the angle fomried between the optical axes of the UA 
plate and V2 plate '» in the range of 50^-70**. 
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17. A circular polarizin9 plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retardation 
film acoording to claim 1 . 

18. A circular polarizing plate or ellipttcal polarizing plate prepared by laminating a reflective polarizing plate with a 
5 retardation film according to claim 1 . 

19. A circular polarizing plate or elliptical polarizing plate prepared by laminating a polarizing plate with a retardation 
film according to claim 1 and a reflective pwlarlzlng plate. 

10 20. A circular polarizing plate or elliptical polarizing plate according to daim 18 or 1 9. wtiereln said reflective polarizing 
plate hae a function of reflecting only circularly polarized light rotated in one direction. 

21. A circular polarizing plate or elflptical polarizing plate according to dalm 20. wherein said reflective polarizing plate 
Is composed of a cholesteric liquid crystal polymer. 

15 

22. A liquid crystal display device provided with a retardation film according to daim 1 . 

23. A liquid crystal display device according to claim 22. which Is a reflective liquid crystal display device. 

20 24. A liquid crystal display device according to claim 22, wherein said retardation film Is a viewing angle oompensating 
plate. 

25. A retardation film which is a retardation film comprised of a single polycarbonate oriented film, wherein the retar- 
dation at wavelengths of 450 nm and 550 nm satisfies the following formula (1): 

25 

R(460yR(550) < 1 (1) 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 nm 
and 560 nm, respectively, 
30 and R(550) Is at least 50 nm. 

26. A renective liquid crystal display device provided with a polarizing plate, a XJ4 plate and a liquid crystal cell contain- 
ing a liquid crystal layer between two substrates with transparent electrodes in that order, the reflective liquid crystal 
display device employing as the X/4 plate a netardafion film comprising a single oriented polycarbonate film, 

X wherein the retardation at wavelengths of 4fiO nm and 550 nm satisfies the following formula (1 ): 

R(450VR(550) < 1 (1) 

where R(450) and R(550) represent the in-plane retardation of the oriented polymer film at wavelengths of 450 nm 
40 and 550 nm, respectively, 
and R(550) is 100-1B0 nm. 
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Fig .1 
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Fig .3 
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Fig. 7 
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Fig. 10 




Fig. 11 
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Fig. 12 
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Fig. 14 
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Fig .15 
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